Leaching of NO 3 has been shown to be a major problem in coarse-textured sandy soils. It has been suggested that biochar application to sandy soils could reduce leaching of NO 3 . However, how biochar could be used to provide short-term NO 3 leaching reduction in sandy soils has received little research attention. Therefore, the aim of this study was to determine if and how biochar could be used to reduce NO 3 leaching from artificial columns of sand (sandy soil). To achieve this, a simple assay was developed in a controlled temperature room to assess the short-term impacts of biochar on NO 3 leaching from a column containing sand. The capacity to pick-up variations in NO 3 leaching pattern from the sand columns based on the concentrations of the NO 3 solutions used to perfuse the sand columns, as well as, the rate at which these solutions were perfused through the sand columns using this approach was initially established. A pulse chase experiment showed that the NO 3 was very mobile, and once the supply was removed, the column of sand rapidly lost the NO 3 . The exception appears to the inclusion of biochar where this process is slowed down, but eventually the sand column lost all the NO 3 . When oak biochar produced through high temperature pyrolysis (500-600 o C) by a commercial producer (Humko, d.o.o., Bled Sheenjek, Slovenija) was applied to the sand columns at a rate of 10% (w/w), the pattern of NO 3 leaching was modified. Biochar appeared to delay NO 3 leaching from the sand. The extent of this delay, and how it may influence NO 3 availability in the soil for plant uptake requires further research.
Introduction
Nitrogen is one of the most essential elements that supports all life in the biosphere (Bernhard, 2010) . It is an essential constituent of most biological molecules in plants and animals, including RNA and DNA, ATP, chlorophyll, proteins, enzymes and hormones (Vitousek et al., 2002; Rachmilevitch, 2004; Pidwirny, 2006; Bernhard, 2010) . In the atmosphere, it is the most abundant gas (78%), but in most soils, it is the most limiting element for plant growth (Bernhard, 2010) . This is because, plants cannot directly utilize nitrogen (N 2 ) in its gaseous form (Pidwirny, 2006) . Most of the nitrogen plants take up is in the form of nitrate (NO 3 ) (Pidwirny, 2006) . As such, applications of nitrogen fertilizers are used to supplement the plants' nitrogen requirement in the soil (Cameron et al., 2013) .
However, high fertilizer application rates have resulted in the ions of NO 3 leaching from agricultural soils in many cases (Cameron et al., 2013) . This leaching process removes the NO 3 not taken up by plants or chemically associated with soil particles beyond the reach of the plants roots resulting in a reduction in soil fertility, crop growth and yield (Laird et al., 2010) . The leached NO 3 also ends up polluting underground and surface waters (Kundu et al., 2009) . Pollution of drinking water by NO 3 has been reported as a major threat to human health (Fewtrell, 2004; Grizzetti et al., 2011) . NO 3 pollution of drinking water is the main cause of methaemoglobinaemia in children under the age of one (Grizzetti et al., 2011) . It has also been suggested that high concentrations of NO 3 in drinking water can cause heart disease and cancer (Fewtrell, 2004; Grizzetti et al., 2011) . According to the World Health Organisation (2007) , about 10 million people in Europe are exposed to water with NO 3 concentrations above the recommend threshold (50 mg L -1 NO 3 ). Also, NO 3 pollution of surface waters such as lakes and rivers leads to eutrophication, which usually causes elevated algae bloom, and in addition, leads to the death of aquatic organisms, loss of biodiversity and ecosystem services (Smith & Schindler, 2009 ).
Consequently, the World Health Organization, WHO (2006) and the European Commission, EC (1998) has set a threshold of 50 mg L -1 NO 3 concentration in drinking water to control the release of NO 3 from all sources including agriculture. As a result, in England, the use of nitrogen fertilizers has been restricted in all areas which are classified as NO 3 vulnerable (about 55% of the total agricultural land) (Scholefield, 2003) . Likewise, in the USA, the Environmental Protection Agency has set the critical NO 3 concentrations in drinking water to 10 mg L -1 (EPA, 2009).
Thus, reducing NO 3 leaching from agricultural lands is not only an environmental necessity but now regulatory. Hence, the need to find interventions to reduce NO 3 leaching is inevitable. Biochar application has been suggested as an option to reduce leaching of NO 3 in the soil (Yao et al., 2012; Sika & Hardie, 2014; Zhao et al., 2014) . Biochar is a carbon rich material produced through the thermal decomposition of organic materials in an oxygen deficient environment (Lehmann & Joseph, 2009 ). Lehmann et al. (2003) and Steiner et al. (2008) suggested that biochar could offer a long-term positive effect on soil nutrient retention and thereby restricting nutrient leaching in the soil. For example, in the Amazon, one distinctive feature of the biochar amended soils (Terra preta) compared to the surrounding soils (Oxisols) was the long-term nutrient retention (Lehmann et al., 2003) . This is because, when biochar is applied to soil, it increases the soil's cation exchange capacity (CEC), improves its physical properties and ultimately nutrient retention (Laird et al., 2010; Major et al., 2010) . Ding et al. (2010) explained that biochars with high density of ionic sites on their surfaces enhanced the soils' ability to adsorb NO 3 and hence restrict NO 3 leaching from the soil. This enhanced ionic surface characteristic of biochar when applied to soil improves its adsorption capacity and thus promotes the retention of more nutrients in the soil (Kameyama et al., 2012) . Spokas et al. (2012) showed that high porosity and surface area of biochar increases the sorption sites on its surface which enables it to adsorb and retain nutrients particularly when incorporated into the soil. Furthermore, biochar is suggested to improve the ability of soil to hold water (Dempster et al., 2012) and this may indirectly decrease the vertical washing down of NO 3 in the soil (Karhu et al., 2011) . These characteristics have attracted researchers' attention to finding out how biochar could be used to reduce NO 3 leaching (Dempster et al., 2012; Kameyama et al., 2012; Yao et al., 2012; Sika & Hardie, 2014; Zhao et al., 2014) .
However, much is not known about how biochar reduces NO 3 leaching in coarse-texture soils. Moreover, little is known about the capacity of biochar to provide short-term reduction in NO 3 leaching losses. Therefore, more research is required to investigate the ability of biochar to reduce NO 3 leaching in coarse-textured soils such as sandy soils and also, the capacity of biochar to provide short-term reduction in NO 3 leaching losses. This is also important, as the benefit of biochars is likely to be greatest in coarse-textured sandy soils (Jeffery et al., 2011) .
The aims of this study are therefore intended to answer the following research questions: 1) can biochar be used to reduce NO 3 leaching in coarse-textured sandy soils? and 2) can biochar offer short-term NO 3 leaching reduction in coarse-textured sandy soils when N fertilizers are applied during high rainfall seasons such as in the winter? The objective of this study is to contribute to the expansion of our knowledge and understanding on how biochar may offer short-term NO 3 leaching reduction in coarse-textured sandy soils.
Methodology

Designing and Validating the Experimental Approach
The intension of this study was to develop a simple assay to assess the short-term impacts of biochar on NO 3 leaching from a soil column. By using sand in the assay, the expectation was that soluble NO 3 would show little retention within the sand column and as such, NO 3 leaching would be most easily detected in sand filled columns. In order to achieve this, several pre-experiments were performed to validate the approach to be used. As part of this, three sand columns were constructed from PVC pipes (utilizing domestic waste water piping) measuring 66 cm in length and 4 cm in diameter (internal diameter) (Figure 1 ). Sand was used to fill the columns. Sand was used for this studies because, it is known that leaching of NO 3 is generally high in sandy soils (Sohi et al., 2009; Jeffery et al., 2011; Cameron et al., 2013) , and hence, it is important to assess the approach by which leaching from sandy soils could be reduced. The sand used was a horticultural grade silver sand (with particle size of about 0.1 mm to 1 mm) commercially available at William Sinclair horticulture Ltd, Lincoln, UK.
Silver sand was chosen because, it is chemically inert and as such, unlikely to bind NO 3 . Also, it has been suggested that the ability of biochar to reduce soil nutrient leaching from soils is likely to be greatest in coarse-textured sandy soils (Jeffery et al., 2011) . They attributed this to the fact that biochar enhanced water , the fitted linear model was carried out using Microsoft Excel)
Biochar Evaluation
The biochar used in this study was produced through high temperature pyrolysis (550-600 o C) of oak, by a commercial producer (Humko, d.o.o., Bled Sebenje, Slovenija) . This biochar is highly absorbent due to its high porosity. It was purposely chosen for this experiment because of its high adsorption capacity. Yao et al. (2012) reported that only high temperature pyrolysis biochar with high adsorption capacity have effect on NO 3 adsorption. The particle size of the biochar (about between 2.8 mm and 0.09 mm) was determined using Endocots Sieve system with Endecot Test Sieve Shaker at an amplitude of 1.6 revolution per minute.
Nitrate Leaching in Pulse-Chase Experiments
Two experiments were carried out. The aim of the the first experiment was to determine how quickly NO 3 applied to sand only columns will be leached out after perfusing deionised water through the sand columns. This was particularly important in simulating possible fertilizer application on farms, where applied fertilizers could be leached by rains or irrigation. Through this experiment, the hypothesis that sand will have insignificant effect on NO 3 retention in the sand columns was tested. In order to achieve this, 4.4 mmol L -1 of NO 3 solution was perfused through the sand columns containing 641 g sand at a rate of 7.7 ml min -1 . The perfusing of the sand columns with the 4.4 mmol L -1 of NO 3 solution was switched to deionised water after constant maximum concentration (asymptote) in the leachate was obtained. These columns were perfused with the deionised water until constant NO 3 concentration in the leachates was obtained. It was assumed that at this lower but constant concentration, all the available leachable NO 3 having been leached with the remainder being retained in the sand.
In the second experiment however, the aim was to determine if the use of biochar in the column will alter the pattern of NO 3 leaching seen in the experiment with silver sand alone. This experiment was used to test the hypothesis that biochar can reduce the leaching of NO 3 from soils. In this experiment, biochar was added to the sand columns at a rate of 10% (w/w) (64 g of biochar in 641 g sand columns). The biochar was applied at a depth of 20 cm below the top of the sand in the columns. This depth chosen was based on the finding of Ding et al. (2010) that leaching of NO 3 was significantly reduced when biochar was applied at a depth of 20 cm. The sand-biochar columns were first saturated with deionised water.
Nitrate solution (4.4 mmol L -1 ) was perfused through the sand-biochar columns at a rate of 7.7 ml min -1 . The perfusing of the NO 3 solution through the sand-biochar column was switched to deionised water after constant maximum concentration of NO 3 was obtained in the leachates from these columns. These sand-biochar columns were perfused with the deionised water until a constant NO 3 concentration was again obtained in the leachates.
Statistical Analysis of Data
Means and standard errors of the response variable (concentration of NO 3 in leachates) for every treatment in all the experiments were computed using Microsoft Excel 2013. Also, the effects of the treatments on this response variable were analysed statistically using Statistical Package for Social Science (SPSS) (version 18.0). 
Results
Effects of Biochar on NO 3 Leaching From the Sand Columns in Pulse-Chase Experiments
When NO 3 solution (4.4 mmol L -1 ) was applied to the columns containing sand only at a rate of 7.7 ml min -1 , the concentration of NO 3 in the leachate rose rapidly (0.10±0.01 mmol L -1 min -1
) to an asymptote of 2.20±0.03 mmol L -1 on the 25 minute ( Figure 4 and ) on the 40 minute ( Figure 4 and Table 3 ). After asymptotes were reached, the concentration of the NO 3 in the leachates from the sand only columns declined rapidly (0.04 mmol L -1 minute -1 ) ( Figure 4 and Table 3 ) from about 2.20±0.03 mmol L -1 on the 25 minute to about 0.04±0.02 mmol L -1 on the 60 minute when these NO 3 saturated sand columns were perfused with deionised water at a rate of 7.7 ml min -1 . However, in the leachates from the biochar amended sand columns, the concentration of the NO 3 declined gradually (0.003±0.01 mmol L -1 minute -1 ) ( Figure 4 and Table 3 ) from about 1.87±0.001 mmol L -1 around 5 minutes to about 0.19±0.01 mmol L -1 after 60 minutes when these NO 3 saturated biochar amended columns were also perfused with deionised water at the same rate.
Moreover, when the 4.4 mmol L -1 of NO 3 solution was perfused through the columns at a rate of 7.7 ml min -1 , the rise in NO 3 concentration in the leachates from the sand only columns began earlier than that in the leachates from the biochar amended columns (Figure 4 and Table 1 ). Note. Half-life = time taken for concentration of nitrate to decline by 50% of the maximum (data derived from Figure 4 ).
Furthermore, the half-life of NO 3 in the biochar amended columns appeared to be higher than that in the sand only columns (Table 2 ). In the sand only columns, it took about 18 minutes for the nitrate to decline by 50% of the maximum, whereas, in the biochar amended columns, it took about 40 minutes for the NO 3 to decline by 50% of the maximum, when the perfusion of the columns was switched from NO 3 concentration to deionised water. 
Discussion
Effects of Biochar on NO 3 Leaching
These experiments were carried out to test the hypothesis that application of biochar to the sand in the columns will reduce leaching of NO 3 from the sand columns. This hypothesis was confirmed, as the concentration of NO 3 in the leachates from the biochar amended soil columns was relatively lower than that in the sand only columns. This is apparent in the relatively higher peak concentration of NO 3 in the leachates from the sand only columns than that in the biochar amended sand columns ( Figure 4 and Table 3 ). It is also apparent in the relatively higher half-life of NO 3 in the biochar amended sand columns than in the sand only columns ( Table 2 ). The calculation used to measure the half-life of NO 3 in the sand columns provided a simple way to quantify NO 3 retention over time (the higher the half-life the higher the retention). This could be attributed to the relatively gradual increase in NO 3 concentration in the leachates from the biochar amended columns than that in the sand only columns ( Figure 4 and Table 1 ).
A possible explanation for this is that the biochar applied to the sand columns adsorbs a proportion of the NO 3 solution perfused through the biochar amended sand columns and as such, reduced the concentration of the NO 3 in the sand solutions in these columns. Dempster et al. (2012) tested the effectiveness of Eucalyptus marginata biochar in reducing NO 3 leaching in sandy soils and found that NO 3 leaching was significantly reduced after the application of this biochar. They explained that the reduction in the NO 3 leaching was due to soil NO 3 retention induced by the higher adsorption of the NO 3 by the Eucalyptus marginata biochar. Similarly, in an experiment to determine the influence of pine wood biochar on NO 3 leaching using laboratory sand columns, it was found that when the pine wood biochar was applied to the columns at a rate of 0.5, 2.5 and 10 % w/w, leaching of the NO 3 was significantly reduced by 26, 42 and 96% respectively (Sika & Hardie, 2014) . The NO 3 leaching reduction was attributed to the enhanced cation exchange capacity and water holding potential of these amended soils (Dempster et al., 2012; Sika & Hardie, 2014) . As such, the reduced leaching of NO 3 from the biochar amended sand columns may be because, the cation exchange capacity of the sand in these columns was enhanced.
Also, in the current experiment, the leaching of NO 3 was relatively gradual from the NO 3 saturated biochar amended sand columns than the NO 3 saturated sand only columns after deionised water was perfused through them. This relatively high leaching rate of NO 3 in the sand only columns could be associated with the fact that sandy soils are coarse in texture and as such, water percolates through them more rapidly (T. P. Gaines & S. T. Gaines, 1994; Silva et al., 2005; Cameron et al., 2013) . Cameron et al. (2013) and Silva et al. (2005) attributed this to the low water holding capacity of the coarse-textured sandy soils. As stated earlier in the previous sections, sandy soils have low cation exchange capacity and this could also account for the high leaching rate in the sand only columns. Thus, in the sand columns, density of cations were perhaps low and hence, the sand particle probably did not have much electrostatic attraction on the negatively charged NO 3 ions. Therefore, the anions (NO 3 ions) were easily leached out from the sand columns. This is in line with the assertion of Akosman and Ozdemir (2010) that high NO 3 leaching in sandy soils is attributed to the inherently low cation exchange capacity of these soils.
On the hand, the reduced NO 3 leaching in the biochar amended sand columns may probably be because, the biochar adsorbed some of the NO 3 . This can be attributed to the fact that the biochar used in this experiment was produced at a high temperature (550-600 o C) and hence, it had a high adsorption capacity. Several studies have suggested that significant NO 3 adsorption can be attained by using biochar produced at a relatively high temperature (about 600 o C) (Ding et al., 2010; Knowles et al., 2011; Yao et al., 2012; Dempster et al., 2012; Kameyama et al., 2012; Sika & Hardie 2014; Zhao et al., 2014) . For instance, Yao et al. (2012) used Brazilian pepperwood and peanut hull biochars produced at a pyrolysis temperature of 600 o C to amend NO 3 and NH 4 leaching in soil columns and found that the amount of NO 3 and NH 4 leached from the soil columns were significantly reduced by 34% and 14% respectively when the pepperwood biochar was used.
Furthermore, since the decline in NO 3 concentration in the leachates from the biochar amended sand columns was gradual (Figure 4 and Table 1), it can be suggested that the biochar perhaps did not immobilized the NO 3 it adsorbed, but rather, it released the NO 3 slowly into the soil solution as the deionised water was perfused through the columns. This result therefore suggests that the NO 3 adsorbed by the biochar may be available for plant uptake as the biochar released some of the NO 3 adsorbed. This is very important as some biochars may immobilise the NO 3 they adsorb making it unavailable in the soil for plants (Sika & Hardie, 2004) . On the other hand, this biochar did not stop NO 3 leaching, but rather, it delayed NO 3 leaching from the columns. Furthermore, the troughs in NO 3 leaching from the biochar amended sand columns may be ascribed to the fact that the biochar perhaps released the nutrient it adsorbed at different rates (Figure 4) . Alternatively, the reduction in NO 3 leaching from the biochar amended sand columns could probably be related to the fact that the biochar enhanced water holding capacity in the sandy soil as it was observed that leachate volumes collected per unit time was relatively lower than that from the sand only columns (data not presented). Biochar has been suggested to improve the ability of soil to hold water (Dempster et al., 2012) and this may indirectly decrease the vertical leaching of NO 3 by water (Karhu et al., 2011) . Reduction of NO 3 leaching in soils through water holding capacity improvement has also been reported by Sika and Hardie (2014) .
Therefore, on the basis of these results, it could be suggested that biochar application to sandy soils may reduce NO 3 leaching.
Conclusion
In this study, an artificial sand media was prepared to investigate NO 3 leaching in a temperature controlled room. Clearly, it can be concluded that, this approach was able to pick-up differences in the pattern of NO 3 leaching from a simple column of sand and the pattern changed in response to the presence and absence of biochar in the sand columns.
Biochar application at a rate of 10% (w/w) to the sand columns modified the pattern of NO 3 leaching from the sand columns. For instance, the half-life of NO 3 in the biochar amended columns was about 20% higher than that in the sand only columns. Thus, NO 3 leaching was relatively lower in the biochar amended columns than that in the sand only columns. Therefore, biochar could have some delay in leaching of NO 3 from sandy soils. How long this delay will be, and how this delay will affect NO 3 availability in the soil for plant uptake needs further investigation.
